Abstract Significant advancements in technology and basic understanding of device physics are bringing optical signal processing closer to a commercial breakthrough. In this paper we describe the main challenges in highspeed SOA-based switching.
Introduction NLP [7, 8] .
All-optical signal processing based on resonant
In this paper we will review the recent advancements nonlinearities in semiconductors has been heavily in SOA-based optical signal processing schemes and investigated for more than a decade. As a research their integration, with an emphasis on approaches to topic it is still very active and the last couple of years increase the modulation bandwidth and reducing have witnessed a number of significant detrimental effects such as patterning effects and advancements, e.g. the demonstration of wavelength noise accumulation. We show examples from our own conversion at 320 Gb/s using a semiconductor optical research on all-optical switches based on optical amplifier (SOA) combined with a filter [1] and a equalization of the slow SOA response. monolithically integrated, potentially fast all-optical flip-flop [2] . These results illustrate two important Patterning effects and noise points, namely 1) that the technology can certainly
The modulation of the carrier density in the active meet the bandwidth requirements for "simple", region of an SOA, and thus the patterning effect, is pipelining.like applications such as wavelength described by the carrier rate equation, which in its pipelining-like appications such as wavelength smls om ntrso h ang ed 6 conversion, and 2) the path to micro-photonic, verylarge scale integration has been shown, with a flipdg g(t) -g flop footprint allowing for in excess of 100,000 = g -kg(t)Pc (t) components per square centimetre [3] . dt e (1) One of the main challenges in bringing optical signal
processing to a commercial level is realizing simple, = -Pc (t) -kAg(t)Pc (t) yet fast, schemes that can be integrated in large Te numbers (either monolithically or hybridly on a motherboard of a different substrate), while keeping where k is a constant and go, -e, P0(t), and Ag(t) are the power consumption low. The latter is crucial, the small-signal material gain, effective carrier since signal processing will be carried out on a persaturation, respectively. channel basis, which means that e.g. wavelength division multiplexing (WDM) routers will require a Gb/s control signal (shown in top inset) through crossvery well in the frequency range up to 20 0Hz that phase modulation (XPM), in the case where the could be measured [12] . Notice the comparison with nonlinear term of eq. (1) is ignored (solid line), and the low-pass oDR. Fig. 2 shows the SSFR the more realistic case where both terms are included normalized to the response at Q = 0. To obtain a flat (dashed line). Notice that when saturation is response up to ultra-high frequencies, the attenuated neglected, all control pulses provide the same phase high frequency contents of the probe signal at the shift, whereas this is not the case when saturation is SOA output is enhanced by the AMZI, at the expense taken into account. In the DM-switch referred to as of the low-frequency components, which contain the the delayed-interference signal converter (DISC), followed by an optical filter, which optically equalizes
The theory presented in [6] is completely general and the low-pass carrier density response (CDR) of the can be applied to any optical filter. Fig. 3 (a) shows SOA. As a special case the DISC, i.e. an SOA+AMZI small-signal measurements for a 0.38 nm wide filter, has been analyzed, and the corresponding (FWHM) band-pass filter (BPF) when changing the calculated SSFR is shown in the dashed curves of detuning, Akdet, towards the blue side. The carrier-peak, which determines the power in the marklevel of the inverted signal, is increasingly suppressed As analyzed in detail in [21, 22] , ultra-fast compared to the power in the blue sideband. This nonlinearities, such as carrier heating and spectral effect is also shown and explained in [13] . For A)det = hole-burning, are excited when the control pulse width -0.798 nm the carrier peak is suppressed by roughly is below a certain critical width Tcr Several 25 dB, which is sufficient to generate a switched signal with the same polarity as the control signal, independet referencspin thimpracemof ultra-fast carrier dynamics In switching schemes and an extinction ratio of 8 dB.
and an extinction ratio of 8 dB.based on an SOA followed by a filter [7, 8] .
In [14] , the complex filter transfer function required to bas d on anS followe a filteri [7, 8] .
restore the pulse shape of a switched 40 Gb/s signal recovery: an ultra-fast recovery Immediately after the signal by a filter. Essentially, the second SOA works control pulses, followed by the much slower interas high-pass filter, as described in e.g. [16, 17] , thereby speeding-up the total probe response. Using bandcarrier relaxation. In Fig. 4(b) , where this scheme in a hybrid DISC configuration, the fast component is hardly visible. For comparison, wavelength conversion at 170 Gb/s was traces simulated using the same input powers as in demonstrated with a high output OSNR of 40 dB/0.1 the experiment are shown in Fig. 4 (c) for nm. The large OSNR is an advantage of this scheme z, =1.8ps and in Fig. 4 (d) dependent contribution to NLP for the DISC switch configuration (see Fig. 1 ). In addition, the ultra-fast dynamics can be shown to actually increase the switched output power and thereby the OSNR [7] . This, along with the AMZI filter's in-band noise filtering [24] ensures a satisfactory signal-to-noise ratio even at ultra-high bitrates. The current speed record for SOA-based switching is 320 Gb/s, which was obtained using a concatenation of detuned bandpass filters and an AMZI filter [1] . [28] . More This configuration was also found to be superior in [7] .
